This study was designed to address the protective effects of Zingiber officinale on the toxic outcomes of prenatal Cadmium administration on pregnancy outcome. Pregnant female Sprague-Dawley rats were randomly divided into four groups (eight rats/each), control group received distilled water, 2nd group treated with 8.8 mg of CdCl2/kg b. wt, 3rd group treated with 250 mg of Zingiber officinale/kg b. wt, and 4th group treated with 250 mg of Zingiber officinale/kg b. wt, followed by 8.8 mg of CdCl2/kg b.wt. Daily body weight of pregnant was recorded from GD1-GD20, and then pregnant rats were sacrificed at GD20. Samples of maternal and fetal livers and kidneys were processed for histological examination. Administration of Cd to pregnant rats showed adverse effects on pregnant mothers and their fetuses; reduced maternal weight gain, reduced absolute organ weights, reduced fetal growth parameters and placental weights together with altered histological appearance of the maternal and fetal livers and kidneys. While co-administration of Zingiber officinale showed an improvement of these toxic alterations. Zingiber officinale through its antioxidant activity could be beneficial against toxic outcomes of Cd exposure during pregnancy.
The undesirable impacts of heavy metals on the women health during pregnancy have acquired increased attention during recent years 1 . Cadmium (Cd) is considered industrial pollutant and toxic environmental [2] [3] [4] [5] . Cd has 20 -30 years half life that is attributed to its low excretion rate from the body [6] [7] [8] . Studies showed that Cd induced hepatotoxicity, lung damage, testicular damage and nephrotoxicity [9] [10] [11] [12] .
Its reported that women are vulnerable to Cd toxicity, that is attributed to increased intestinal uptake, which is prevalent in women than in men 13, 14 . During pregnancy, Cd exposure could promote the development of pregnancy complications e.g. spontaneous abortion, toxaemia and anaemia 15 . Experimental studies in pregnant animals have found a variety of adverse reproductive outcomes like decreased litter size, increased resorptions and foetal death, growth retardation and different congenital malformations in offspring of Cd exposed animals 16 . Many mechanisms have explained the Cd-mediated toxicity; one of these is related to the alterations in oxidative status 17 . Studies confirmed that Cd-induced oxidative stress is attributed to increased lipid peroxidation 10 , which had been shown to stimulate intracellular ROS (reactive oxygen species) production due to mitochondrial membrane disruption, that is the main target of the cellular effect 18 . Cellular damage appears when ROS generation exceeded that of decomposition due to antioxidant defense 19 . Also, it is known that pregnancy is a condition that favors oxidative stress due to rich mitochondrial component in the placenta 20 , that contribute to excessive ROS production which affects development and growth of the fetuses 21, 22 . A growing concentration focusing on the biological activities of medicinal herbs, cause of few side effects, natural origin and cost effectiveness. Zingiber officinale Roscoe from the Zingiberaceae family, is broadly used as a spice and a traditional medicine. Zingiber officinale bioactive molecules have a potent antioxidant activity [23] [24] [25] . In-vivo and in-vitro tests are done to study the anti-oxidative properties of Zingiber officinale and its components; these conclude that strengthening the defense mechanisms of the body will protect the body against different diseases by improving the antioxidant status 26 . Experimental work showed that Zingiber officinale significantly elevated antioxidant enzymes levels and lowered the induced lipid peroxidation that is accompanied by reduced glutathione (GSH), and GSH-dependent enzymes glutathione peroxidise 27 . This study therefore, was designed to address the protective effects of Zingiber officinale co-administration on the different parameters of pregnancy outcome plus the histopathological changes of the maternal and fetal livers and kidneys after in utero Cd administration.
MATERIALS AND METHODS

Chemicals
Cadmium chloride (CdCl 2 ) and all other chemicals used in this study were purchased through local agents, Jeddah, KSA, while ginger rhizomes were purchased from local markets of Jeddah. CdCl 2 is dissolved in distilled water to prepare the solution to a concentration of 8.8 mg/ml (10% of LD 50 ) 28 . Zingiber officinale was prepared according to Kamtchouing et al 29 , where ginger rhizomes were dried at room temperature, and crushed to 50 g powder then dissolved in 1000 ml of distilled water, then filtered to obtain the aqueous extract. The extract concentration is 50 mg/ml equal to 250 mg/kg.
Animals and mating
Nulliparous adult female Sprague-Dawley albino rats (weighing 175-200 g) obtained from the Animal House. During the study, the female rats were kept in metallic cages under standard temperature (24 ± 2ºC), humidity (55 ± 5%) and lighting (12h light: 12h dark) conditions. Rats fed a standard diet ad libitum and had access to water. Mating was assisted by placing the individual females overnight in the home cage of a singlyhoused male of the same stock. Mating was confirmed by vaginal lavage smear that detect positive identification of spermatozoa and is considered as gestation day 1.
Committee of Animal Investigations in Anatomy department, Faculty of Medicine has approved by the study. All experiments were carried out in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Animal treatment
The female pregnant rats were divided randomly into four groups of eight rats each and all treatments given through oral intragastric tube in the drinking water during only gestation (Prenatal study) and during gestation and lactation periods (Postnatal study). Cd and Zingiber doses and manner of administration were chosen on the basis of previous studies [30] [31] [32] 
Evaluations of pregnant females
The pregnant rats of each group were observed daily throughout the gestation period for body weight. The pregnant rats of different groups were anesthetised and sacrifced by decapitation on 
Morphological studies
Small pieces from liver and kidney of the mothers and fetuses were taken immediately and immersed in 10 % buffered neutral formalin. Serial sections (5 µm thickness) were cut and stained by Haematoxylin and Eosin and examined using an Olympus BX53 microscope equipped with a DP73 digital camera (Olympus, Tokyo, Japan).
Statistical analysis
Quantitative data were represented as mean ± standard deviation of different parameters for the treated groups. One-way ANOVA (analysis of variance) with Bonferroni Post Hoc for the means of all quantitative data were done. Fisher Exact Probability test was used for rat embryolethality. The significance level for all comparisons was set at p< 0.05. Statistical analyses were performed by using GraphPad Prism v.5 software (GraphPad, San Diego, CA).
RESULTS
Effects on maternal weight parameters
As seen in Table ( 1), the mean values of initial body weight of all animals were equal. Regarding other parameters including, body weight, gravid uterine weight, and placental weights, the results showed that these parameters were approximated in both control and Zingiber officinale treated groups without any significant difference. In Cd treated group, there was a significant decrease in these parameters when compared to control group, Zingiber officinale treated group, and Cd+ Zingiber officinale treated group. However, co-administration of Zingiber officinale together with Cd resulted in a noticeable improvement in all the values towards the control figures.
Effects on the weights of maternal internal organs
Regarding relative weights of both liver and kidney, it was noticed that the values from both Cd and Cd+Zingiber officinale treated groups were approximated to both control and Zingiber officinale treated groups (Table 2) .
Histological changes of the maternal liver of different groups
Microscopic examination of liver sections obtained from both control and Zingiber officinale treated groups, revealed normal histological architecture of the liver.
In Cd-treated group, microscopic examination showed markedly congested and dilated central vein with detached endothelial lining. In addition, dilatation of blood sinusoids and inflammatory cellular infiltration were observed different locations of the hepatic lobule. Most of the hepatocytes in the hepatic lobule exhibited variable degrees of fatty and hydropic degeneration. Furthermore, nuclear changes in some hepatocytes in the form of karyolysis or pyknosis were detected. Dilation and congestion of the portal venules with inflammatory cellular infiltration were detected.
In Cd+ Zingiber officinale treated group, microscopic examination revealed that nearly similar picture to the control liver. However slight congestion of portal venule, dilatation of the blood sinusoids, less marked hydropic degeneration, some hepatocytes showed karyolsed nuclei and some inflammatory infiltrates were observed (Figure 1 ).
Histological changes of the fetal liver of different groups
Microscopic examination of fetal liver obtained from both control and Zingiber officinale treated groups revealed the normal histological features.
In the fetuses from Cd-treated group, the microscopic examination showed loss of normal hepatic architecture at that age in both centrilobular and periportal areas, dilatation and congestion of the central vein, congestion of sinusoids in both centrilobular and periportal areas, less marked inflammatory cells in both centrilobular and periportal areas, also, congestion of portal venule.
In the fetuses from Cd+Zingiber officinale treated group, the microscopic examination showed a nearly normal picture where the hepatocytes were arranged in the form of cords radiating from the central veins, the hepatic cords were separated by blood sinusoids, which were less marked congested in both centrilobular and periportal areas, congestion of portal venule, increase in inflammatory infiltrates in both centrilobular and periportal areas (Figure 2 ).
Histological changes of the maternal kidney of different groups
In both control and Zingiber officinale treated groups, microscopic examination of the kidney showed the normal histological appearance and structure.
In Cd-treated group, microscopic examination of the kidney showed, degeneration in glomeruli, hydropic degeneration of the cytoplasm and deterioration of the nuclei of the lining cells of the proximal and distal convoluted tubules, multiple areas of haemorrhage in between the tubules, some glomeruli showing widening of urinary space, also there was a marked increase in the inflammatory cellular infiltrate.
In Cd+Zingiber officinale treated group, microscopic examination showed less marked histopathological changes in the form of widening of urinary space, and hydropic degeneration of the cytoplasm and deterioration of the nuclei of the lining cells of the proximal and distal convoluted tubules (Figure 3 ).
Histological changes of the fetal kidney of different groups
In the fetuses revealed from both control and Zingiber officinale treated groups, the microscopic examination of the cortical region of the kidney revealed the normal histological features at that age.
In the fetuses revealed from Cd-treated group, the microscopic examination of kidney showed marked histopathological changes in the form of degeneration of some golmerului, enlarged urinary space, areas of vascular congestion, and increased inflammatory cellular infiltrate.
In the fetuses revealed from Cd+Zingiber officinale treated group, the microscopic examination of kidney showed less damaging features with return back towards the normal structure; only some areas of congestion ( Figure  4 ).
DISCUSSION
The rationale of this study is a growing research suggested that maternal exposure to Cadmium poses a risk to women's health as well as to fetal health and development 33 . Results showed that Cd administration to pregnant resulted in adverse effects in mothers and their fetuses. In accordance, it has been stated that in pregnant, Cd gut absorption is increased, causing accumulation of Cd in target tissues as liver and kidney 34 . Livers of Cd-treated mother rats showed marked histopathological changes were detected. These results agreed with studies of Ige et al 35 , and Mahran et al 36 , that reported similar changes in liver of Cd-treated rats including an indistinct trabecular structure, necrosis of cells, vacuolar degeneration and mononuclear cell infiltrations. It was reported that these changes are due to Cd toxic effects on hepatocytes since the liver is one of the target organs after Cd chronic exposure, that resulted in structural damage which was accompanied by an increase in hepatic enzymes levels after Cd exposure. In explanation of the morphological hepatic changes, some studies have obviously proved Cd ability to induce oxidative stress as demonstrated by lipid peroxidation, which leads to ROS production, and decline activities of hepatic superoxide dismutase 37 . Livers of maternally Cd-treated fetuses showed loss of normal architecture of liver at that age in both centrilobular and periportal areas, dilatation and congestion of the central vein, congestion of portal venule, congestion of sinusoids, less marked inflammatory cells. In agreement to our results, different studies reported that Cd exposure encouraged oxidative impairment in hepatic cells 36 . In this study, kidneys of Cd-treated mothers presented many histopathological changes. In accordance, previous studies stated that the kidney is known as a serious target organ of Cd toxicity, where Cd injuries the kidney by escape of essential ions and low-molecular weight proteins into urine, with development to kidney failure 37 . This effect is irreversible, and studies reported that the danger occurs also at lower levels of exposure 38 . In addition, other studies reported degeneration of renal tubules, epithelial cells hypertrophy, glomeruli dilation and massive local haemorrhage of the kidney tissues of Cd-treated rats 39 . The mechanism of Cd-induced renal injury is related to increase in oxidative status, where increased ROS production may be encouraged by the interaction of Cd with mitochondrial structure; resulting in cell necrosis and apoptosis 40 . Maternally Cd-treated foetuses, current results showed marked histopathological changes in the kidneys. Some studies have examined the renal effects of maternal exposure with Cd in rats during pregnancy on renal function of the offspring; have been reported a dangerous risk for renal function of their offspring 41 . Previous surveys focused on the use of free radical scavengers including minerals (selenium and zinc), vitamins (C and E) and carotenoids that used in management of cellular damage and oxidative stress-mediated diseases caused by Cd exposure, which supports the hypothesis that ROS show a crucial role in Cd toxicity [42] [43] [44] . In the present study, it was showed that Cd administration to pregnant rats resulted in decreased mean values of fetal growth parameters. In accordance, previous studies about the effects of Cd on embryos have found decreased fetal number and fetal death 45 . Also, these studies reported that neonates, may have retarded growth even if born without any apparent disabilities 46 . Furthermore, current observations were consistent with studies implicating Cd as having toxic effects on neonatal growth, which was inversely correlated with Cd administration 47 . Moreover, studies reported that Cd exposure due to maternal smoking is associated with an increase in congenital malformations and lower birth weight 48 , and spontaneous abortion 49 . For explanation of this fetal toxicity, especially fetal growth restriction, many studies have showed that Cd administered to pregnant animals crosses to the fetus and accumulates in the placenta in high concentrations, and that Cd placental levels were inversely correlated to offspring birth weight; this leads to the suggestion that Cd target the placenta during pregnancy; this accumulation could lead to impaired placental function, thus decreasing nutrients transfer to the fetus, which are crucial for life maintenance and fetal development 50, 51 . The use of Zingiber officinale during pregnancy is largely realized by its anti-emetic action, where one of the most popular uses of Zingiber officinale is to relief the symptoms of vomiting and nausea accompanying pregnancy in humans 52 . The chief ingredients of Zingiber officinale include oleoresin (gingerols and shogaols), volatile oil and phenolic derivatives (zingerone), which are chief antioxidant compounds in Zingiber officinale 53 , that depressed lipid peroxidation significantly by preserving the actions of the antioxidant enzymes as glutathione peroxides, catalase and superoxide dismutase 54, 55 . Hence, there is an imperative for researchers to determine whether Zingiber officinale is useful as natural antioxidant to relief any adverse affects of Cd toxicity on fetal development, which will be a respectable choice as it is used as a food additive. Moreover, the use of ginger during pregnancy does not increase the risk for any of the following pregnancy outcomes: stillbirth/perinatal death, low birth weight and preterm birth 56, 57 . The current study confirmed the ameliorative activity of Zingiber officinale against Cd toxic effects where neither teratogenic nor embryotoxic effects were observed. This agrees with a previous study in rats, where it was concluded that Zingiber officinale is effective therapeutically against Cd toxicity 58 . In accordance, a reproduction study, ginger tea was given during organogenesis (days 6-15) in similar doses like humans. No teratogenicity or maternal toxicity was seen. Furthermore, living female fetuses had advanced skeletal growth and heavier than controls 59 . Other study reported that ethanol extract of Zingiber officinale in doses up to 1000 mg/kg/day during organogenesis showed no treatment-related adverse effects, teratogenicity or embryo toxicity were detected in the pregnant mothers or the offspring compared to a controls 60 . In Zingiber officinale co-treated rats, an improvement in the Cd-damage of the liver and kidney of mothers and fetuses was observed. The present results agreed with published data by Egwurugwu et al. 58 , and Gehan and Ayman 61 , who reported that Zingiber officinale showed an antagonistic action on Cd toxicity.
In conclusion, results from this study have demonstrated that Zingiber officinale through its antioxidant activity might be considered beneficial against toxic effects of Cd exposure during pregnancy. 
